Left ventricular remodelling is a complex process by which mechanical, neurohormonal and genetic factors alter ventricular structure and function leading to reduced mechanical performance, electrical instability and sudden death [1] . It is an important aspect of heart failure progression, characterized by dilatation and change of shape of the left ventricle (LV) as well as alterations in the ventricular wall which include hypertrophy, loss of myocytes and increased interstitial fibrosis [2] . At the molecular level, it is characterized by a regression to the fetal pattern, i.e. increase of β-myosin heavy chain, α-actin, atrial natriuretic peptide overexpression, sarco/endoplasmic reticulum Ca 2+ -ATPase activity decrease and a shift of myocardial metabolism towards glucose utilization [3, 4] . Acute myocardial infarction (MI) is a common cause of LV remodelling. It is estimated that despite primary percutaneous coronary intervention (PCI) and standard current therapy, around 30% of anterior MIs will develop remodelling. The three major biomechanical mechanisms contributing to the increase of LV volumes over time after MI are: (1) expansion of the infarct in the subacute phase [5], (2) subsequent non-ischaemic infarct extension into the adjacent non-infarcted region [6, 7] and (3) hypertrophy and dilatation of non-infarcted myocardium in the chronic phase [8] [9] [10] . The main factors associated with remodelling are size of infarction, anterior location and late or unsuccessful (or absence of) reperfusion therapy both at the epicardial vessel level and at the microvasculature level. LV remodelling, however, is a potentially reversible or even possibly preventable process. Regression is manifested as a return to a more normal ventricular size and shape and appears to be a good predictor of a reduction in morbidity and mortality [2, 11] . Several trials on post acute MI patients have demonstrated that this can be achieved by a combination of treatment regimes [12] . This is understandable considering that the three aforementioned mechanisms operate in different regions of the LV and during different time frames after MI, thus making it unlikely for any single drug to be completely effective in addressing all three mechanisms [12] . A major determinant to the selection of the appropriate treatment is the propensity of the underlying MI to result in LV remodelling. Therefore, accurate monitoring of post acute MI patients to identify those who are likely to develop LV remodelling is of great importance.
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Based on the mechanistic rationale described above, monitoring is performed with non-invasive imaging and usually includes assessment of heart size, shape and mass, ejection fraction (EF), end-diastolic and end-systolic volumes and regional contractility. Cardiac magnetic resonance (CMR) is the gold standard to assess these parameters as well microvascular obstruction and infarct size. A consistent finding from the CMR literature in the post acute MI setting is that scar size is a key determinant of long-term LV remodelling. Moreover, there are distinct time-dependent patterns of infarct healing and LV remodelling which suggest that the timing of CMR performance is important for assessment of infarct size and prediction of LV remodelling [13] . In one study, an infarct size threshold of 24% has been found to be highly predictive of LV remodelling (sensitivity 92%, specificity 93%), and it was also shown that patients with LV remodelling had a greater infarct size reduction, i.e. larger infarct resorption, than patients with preserved LV volumes [14] . Echocardiography is more widely available than CMR and has been used extensively in this setting. Traditionally, prediction of LV remodelling is based on functional parameters derived from echocardiographic studies [15] . Contrast-enhanced echocardiography is more accurate than the unenhanced for predicting LV remodelling, allowing also assessment of infarct size, and more recently, speckle-tracking echocardiography has also been used in the same setting. It was found that impairment of peak LV torsion (a sensitive parameter to measure regional deformation and LV systolic myocardial performance) at 48 h post acute MI treated with primary PCI had a sensitivity of 95% and a specificity of 77% for predicting LV remodelling and complemented the information obtained from infarct size assessment by contrast echocardiography [16] . Single photon emission computed tomography (SPECT) myocardial perfusion imaging (MPI) with ECG gating (ECG-gated SPECT) has been introduced as another option for assessing LV remodelling as it offers the benefit of assessing both perfusion and function in the same myocardial segments as well as scar size, but it also allows accurate and highly reproducible measurements of global LV function and volumes [17] . ECG-gated SPECT is widely available and not expensive and provides technically adequate data in virtually all patients. It has been used previously to assess the effect of primary PCI on LV function and myocardial perfusion. A progressive reduction in infarct size was observed and this was associated with a favourable shortterm evolution of LV function [18] . The relation between infarct severity and LV changes has also been investigated using ECG-gated SPECT, and it was shown that infarct severity was more effective than infarct size for predicting subsequent LV remodelling [19, 20] .
Berti et al. in the current issue of the European Journal of Nuclear Medicine and Molecular Imaging [21] have used ECG-gated SPECT (without attenuation correction) to investigate the evolution of perfusion and functional parameters after acute MI in a group of patients successfully treated with primary PCI. They sought to evaluate (a) the relationship between changes in myocardial perfusion and LV functional changes at long-term follow-up (average 6 months) and (b) the accuracy of "baseline" perfusion and functional parameters (1 month post MI) for predicting LV remodelling at follow-up. They found that patients with remodelling had larger (infarct size 29.3±7.8%) and more transmural (infarct severity 0.28±0.10) infarctions and reduced LVEF (35.4±5.6%) at baseline, compared to patients without remodelling (infarct size 20.8±14.4%, p< 0.05, infarct severity 0.40±0.11, p<0.001, LVEF 44.5±9.2, p<0.001). At follow-up, in the group with remodelling, volumes increased significantly (p<0.001), whilst infarct size, infarct severity and LVEF did not change. Conversely, in the group without remodelling, there was a significant decrease in infarct size and transmurality (both p<0.001) that was accompanied by a significant functional improvement with higher LVEF and smaller volume indexes (p<0.05 for all comparisons). In addition, the investigators found that infarct severity, expressing in essence transmurality and residual viability, was the best indicator for predicting LV remodelling and that the combination of infarct size and severity detected patients with remodelling with 75% accuracy and 95% negative predictive value. Infarct resorption (defined as the defect size difference between follow-up and baseline) was comparable between patients with (−4.4± 8.4%) and without remodelling (6.8±9.4%).
Allowing for the limitations of any such study to unravel fine details of the multifaceted underlying pathophysiology of LV remodelling, the results of the study by Berti et al.
show that ECG-gated SPECT can have a role in the assessment of patients 1 month post reperfused acute MI, because it can predict with reasonable accuracy those who are likely to develop LV remodelling. Specific study-related limitations include its retrospective nature and the rather modest number of investigated patients. Despite these drawbacks, such data can be useful to the clinical community and although larger studies are needed before precise guidelines can be formulated, from the findings of the current study and those obtained by other non-invasive imaging modalities, it is clear that accurate quantitative assessment of infarct size and severity and also of LV volumes is valuable for patient monitoring. This can eventually be translated into better care by facilitating the application of personalized medicine, since early identification of LV remodelling could lead to management strategies appropriate for the individual patient's infarct characteristics. To refine these strategies and develop appropriate combinations of treatment regimes or even design novel therapies that can be employed during the optimal time windows necessary to minimize LV remodelling post MI (i.e. specifically targeting infarct expansion as opposed to non-ischaemic infarct extension or compensatory hypertrophy), a multidisciplinary collaboration between physicians, imagers and basic scientists is imperative. Such collaboration can enhance our knowledge on an array of areas relevant to LV remodelling and provide a bidirectional flow of information between bench and bedside. To this end, in-depth investigation of molecular and cellular changes that are translated into structural and functional alterations is of great importance. Equally important are studies on electrical and mechanical determi-nants of LV function, particularly in combination with other aspects of cardiac physiology, such as perfusion, metabolism and innervation which can all be assessed by imaging modalities. In this context, nuclear medicine techniques with their ability to track alterations at the molecular or cellular level can play a pivotal role. Their potential can be enhanced even further in the form of hybrid or multimodality imaging that allows different biomarkers to be imaged together, and this is currently being explored both in preclinical and clinical studies.
Beyond the well-validated SPECT or positron emission tomography (PET) techniques used for assessment of perfusion, viability, scar size/severity and function in the post MI setting, there are also other techniques and tracers already in clinical use or approaching the stage of validation in human studies. For example, 123 I-metaiodobenzylguanidine (MIBG) imaging can be employed to assess neuronal alterations associated with LV remodelling [22] , whilst assessment of fatty acid metabolism of the heart and its alterations after MI using 15-(p-[
123 I]iodophenyl) pentadecanoic acid or its branched-chain analogue, β-methyl-p-[
123 I]iodophenyl-pentadecanoic acid (BMIPP), is another possibility [23] . At a preclinical level, quantitative radionuclide imaging of matrix metalloproteinase (MMP) activity that is correlated with extracellular matrix degradation is now feasible using radiolabelled molecules targeting MMPs [24] . This can be performed at different time points in combination also with ECG-gated MPI SPECT for monitoring both scar size and MMP activation (both at the MI zone and the remote region) changes over time [25] . Furthermore, such imaging can also be combined with assessment of changes in LV volumes (using radionuclide-or non-radionuclide-based techniques), thus introducing a molecular-mechanical imaging approach that could help to assess in a longitudinal fashion the relationship between enhanced MMP activation after MI and altered regional myocardial deformation [26] . SPECT imaging has also been performed experimentally both with radiolabelled angiotensin-converting enzyme (ACE) inhibitors [27] and angiotensin type 1 antagonists [28] . Early results suggest that changes in the renin-angiotensinaldosterone system that occur after MI can be assessed with these techniques and may be used to predict the risk for developing significant heart failure [27, 28] . In addition, angiogenesis imaging specifically targeting the α v β 3 integrin to track associated changes in angiogenesis in the setting of LV remodelling (neovessel formation is critical in scar formation whilst the regression of these vessels may be equally important in preventing excessive fibrosis) is another possibility for SPECT imaging [29] , as is apoptosis assessment using radiolabelled annexin [30] , since apoptotic markers are clearly involved with pathways that can contribute to adverse remodelling after MI [31] . As alluded to earlier, such molecular imaging approaches can provide more useful information in combination with highresolution structural imaging to study with greater precision changes occurring in different myocardial areas. This can be particularly helpful for testing the effect of specific treatment regimes. Accurate evaluation of the complex processes smoldering in the "border" (adjacent noninfarcted) zone is one such example, as this may result in novel tailored, i.e. anti-inflammatory and antiapoptotic therapies, being implemented at an earlier stage [32, 33] . This applies similarly to investigation, at a preclinical level, of parameters other than apoptosis or inflammation (such as MMP activity, angiogenesis, etc.…) using the aforementioned imaging techniques to assess treatment response. This can contribute to our understanding of treatment effectiveness at different time points, thus bringing the concept of personalized medicine closer to clinical practice. Such developments are nevertheless by no means imminent, and several steps must take place before the abovementioned novel radiotracers and molecular approaches are applied in the clinical setting or prove their costeffectiveness. Until this happens, monitoring of post acute MI patients will continue to be performed successfully by the more conventional, but nevertheless, state-of-the-art imaging techniques employed by echocardiography, CMR and radionuclide imaging. It is likely that cardiac CT with its versatility to provide both morphological and functional information as well as potential for tissue characterization will also be utilized in this clinical setting either in a standalone fashion or in a hybrid form [34, 35] .
Within the context of the current practice, therefore, the study by Berti et al. [21] , despite its limitations, is a step in the right direction. Their results demonstrate that quantification of infarct size and severity using a simple, well-validated and inexpensive technique such as MPI ECG-gated SPECT can predict with reasonable accuracy LV remodelling in acute MI patients treated with primary PCI, thus refining the role of this technique to yet another group of patients in whom its use can influence management decisions.
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